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ELECTROMAGNETIC INTERFERENCE SHIELDING OF 
ELECTRICAL CABLES AND CONNECTORS 

CROSS-REFERENCES TO RELATED APPLICATIONS 
The present application claims benefit to U.S. Provisional Patent Application 
5 Serial No. 60/198,282 filed April 17, 2000 and entitled "EMI/RF Shielding of Connectors, 

Flexible Circuits, and Electronic/Electrical Cables," Provisional Patent Application Serial No. 

60/199,519, filed April 25, 2000 entitled "High-performance RF shielding of Connectors, 

Flexible Circuits, and Electronic/Electrical Cables," Provisional Patent Application Serial No. 

60/202,842, filed May 8, 2000 and entitled "Integrated System for EMI/RF Shielding of 
10 Connectors, Flexible Circuits, and Electronic/Electrical Cables," and Provisional Patent 

Application Serial No. 60/203,263, filed May 9, 2000, entitled "Conformal Coating and 

Shielding of Printed Circuit Boards, Flexible Circuits, and Cabhng," the complete disclosures 

of which are incorporated herein by references for all purposes. 

BACKGROUND OF THE INVENTION 
15 The present invention relates generally to shielding of electromagnetic 

interference (EMI) and radio frequency interference (RFI). More specifically, the present 
invention relates to metallization and grounding of electrical cables and connectors to provide 
electromagnetic shielding from electromagnetic interference, radiofrequency interference, 
and electrostatic discharge (ESD). As subsequently used herein, "EMI" shall include ESD, 
20 RFI, and any other type of electromagnetic emission or effect. 

Cables and connectors must be allowed to deliver their signals unimpeded. 
Unfortunately, cables and connectors for connecting electronic devices and specialized 
cabling that incorporates passive and active electrical devices in a flexible substrate material 
(e.g., flexible circuits) are both receptors and emitters of EMI radiation. Impingement of 
25 EMI can disrupt the functionality of the cable and connectors, and in some cases may cause 
electronic failure of the cables. With microprocessor speeds continuing to increase, the 
creation of EMI is a substantial concem to designers, manufacturers, and owners of electronic 
equipment. 

. Conventional cable shielding solutions include flexible conductive braiding, 
30 conductive epoxies, and conductive foils or tapes that can be wrapped around the dielectric 
cladding of the cable to provide shielding. Unfortunately, each of the conventional solutions 
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have various drawbacks. For example, the conductive braiding is costly, the conductive 
epoxies are also costly and difficult to apply to the cladding, and the conductive foils and 
tapes must manually be wrapped around the cable body. 

A particular problem of convention shielding solutions is leakage at the joint 
5 where the cable body shielding and connector attach. Gaps or "slot antennas" at joints or 
seams that break the continuous nature of the shield is a primary reason why shielding 
effectiveness degrades. 

Current shielded cable solutions can provide shielding effectiveness in the 
range of 20 dB to 50 dB. Unfortunately, with the higher-speed microprocessor technology 
10 that is presently in use (and that is being developed) there is a need to provide consistent 
integrated designs of enclosures, cables, and connectors in the range of 55 dB or higher. 

The above mentioned conventional solutions do not provide a high degree of 
shielding effectiveness and have high leakage problems (thus causing a loss of shielding 
effectiveness) and often require the use of manual assembly to apply the shields over the 
15 connectors and cables. Accordingly, what is needed are systems and methods which provide 
adequate EMI shielding to cables and connectors. 

SUMMARY OF THE INVENTION 
The present invention provides cables having a body that is suiroimded by a 
vacuum nletallized layer. The metallized layer can be groimded with a metallized 
20 thermoform connector to prevent the release or impingement of harmful EMI radiation. 

Optionally, an insulating top coating can be disposed over the metallized layer over the cable 
body. 

In one embodiment, the metallized layer is coupled to the ground with a 
conductive connector that is positioned on an end of the cable body. Exemplary conductive 

25 connectors of the present invention are typically composed of a metallized thermoform. The 
thermoform is either a one piece (i.e. clamshell) or two piece assembly. The thermoform can 
be sized to substantially conform to the shape of a pin connector assembly of the cable body. 
The metal layer on the thermoform is electrically coupled to an exposed portion of the 
metallized layer on the cable body by snap fitting the thermoform around the end of the cable 

30 with a tongue and groove assembly, press fit with a conductive epoxy or gasket, laser welded, 
or the like. 

In some arrangements, the entire cable body is sxirrounded by the metallized 
thermoform to shield the conductors disposed within the cable. The thermoform will 
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typically be thin walled or ribbed so as to allow flexing of the cable body. The metallized 
layer can be disposed along either an inner surface of the thermoform (so as to not require an 
insulating layer) or along the outside layer. If the metallized layer is disposed on the outside 
layer, there will typically be an insulating layer covering the metallized layer to prevent 
5 electrical contact with any surrounding electronic elements. 

Metallization of the cable body and thermoform can be applied through 
vacuum deposition (i.e., cathode-sputtering, ion-beam, or thermal vaporization), painting, 
electroplating, electroless plating, zinc-arc spraying, or the like. 

In exemplary embodiments, metallization of the cable body and of the 

10 thermoform is through a vacuum deposition process, which maintains a temperature of the 
cable body or thermoform typically below approximately 150°F, and preferably below 
approximately 120°F during the manufacturing process. The low temperature vacuum 
deposition process can create a substantially imiform conductive layer without substantially 
warping or distort the underlying thermoform or dielectric. The evenly coated surfaces, 

15 creases, recesses, and edges of the thermoform create less impedance variations in the 
conductive layer and the overall shielding effectiveness of the shield can be improved. 

The metallized layers of the present invention can theoretically provide 
attenuation levels between 0 dB and 110 dB, but typically between 20 dB and 70 dB. It 
should be appreciated, however, that it may be possible to provide higher attenuation levels 

20 by varying the thickness and material of the metallization layer. 

To reduce the EMI leakage at the joint between the connector and cable body, 
the attachment surfaces of the metallized thermoform connector can include bumps, 
protmsions, or other blocking elements that reduce the size of the gaps to a size that is no 
larger than one half the wavelength of the target EMI/RFI radiation. 

25 In one exemplary embodiment, the present invention provides a method of 

shielding a cable. The method includes providing conductive leads encapsulated within a 
dielectric layer. A metallized layer is applied over the dielectric layer. A metallized 
thermoform connection assembly can be electrically coupled to the metallized layer over the 
dielectric layer and a grounded housing. In exemplary methods, the metallized layers are 

30 thermally vaporized onto the dielectric layer and the thermoform so as to form a substantially 
uniform layer. 

In some embodiments a base coating will be applied between the dielectric 
cladding (or polymer overcoat) and a vacuum metallized layer to improve adhesion. In most 
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configurations an insulating top coating is applied over the metallized layer to prevent 
electrical contact of the metallized layer with adjacent electrical devices or components. 

In another exemplary embodiment, the present invention provides a cable 
shield. The cable shield includes a thermoform body having an inner surface and an outer 
5 surface. A metal layer is applied to either the inner or outer surface. A cable body can be 
.disposed within the thermoform shield. The cable shield can be grounded to provide EMI 
shielding for the cable body. The themioform body can comprise a single "clamshell" piece 
or two separate bodies that can fit around the cable body. Optionally, the thermoform body 
can be ribbed so as to allow the cable body to flex and bend. 

10 In some embodiments, the cable body and/or theraioform can be metallized 

over two surfaces. In addition to increasing attenuation of the impinging radiation by 10 dB 
to 20 dB, the second metallized layer provides insiurance against the creation of a slot 
. antenna. Thus, if one of the layer is scratched or otherwise damaged, the second metallized 
layer can still block the emission or impingement of the radiation. 

15 For a fiirther understanding of the natiure and advantages of the invention, 

reference should be made to the following description taken in conjimction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a simplified perspective view of a cable having a metallized layer 
20 around the cable body; 

Figure 2 is a simplified perspective view of a cable having a via exposing a 
ground trace to the metallized layer; 

Figure 3 is a simplified perspective view of a cable body and a metallized 
thermoform connector; 

25 Figure 4 is a simplified cross-sectional view of an end connector disposed 

along an end of the cable; 

Figure 5 is a simplified cross sectional view of a two piece metallized 

themioform; 

Figure 6 is a simplified end view of the split connector disposed along the end 

30 of the cable; 

Figiires 7 and 8 illustrate an open and closed position of one embodiment of 
the split connector; 
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DESCRIPTION OF THE SPECIFIC EMBODIMENTS 



The present invention provides methods and systems for shielding cables and 

15 connectors from electromagnetic and radiofrequency interference (e.g., EMI and RFI). 

Cables of the present invention will generally include a cable body having two 
ends. A male/female pin connector assembly can be disposed on at least one end of the cable 
body to faciUtate attachment to a corresponding female/male connector on a groimded 
electronic component or housing. The EMI shields of the present invention will typically 

20 surround both the cable body and connector assembly to shield the entire cable body. 

In an exemplary embodiment, an aluminum conductive layer is added onto the 
cable body through vacuum deposition. During application, the solidified pieces of material 
are vaporized and adhered to the cable body (i.e. dielectric layer or polymer overcoating) in a 
low heat process so as to not damage the underlying components. If necessary, a base 

25 coating may be applied to the substrate prior to the vacuum deposition to improve adhesion 
of the metal layer to the cable body. It should be appreciated that aging or heat treatment for 
curing is not generally required for the vacuum deposition. Moreover, vacuum deposition 
can deposit a thin layer onto the substrate in a low heat process. The low heat process can 
reduce heat damage to the underlying electronic components while producing a continuous 

30 and less stressed layer metallized layer. 

The thickness of the conductive layer will primarily depend on the frequency 
level of the radiation. In general, the thickness of the conductive layer will typically be 
between one-tenth of a micron to twelve microns. In general, the conductive layer can shield 
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across a wide range of frequencies, generally from less than 100 MHz to greater than 
10 GHz. For higher frequency radiation, the thickness of the metallized layer will be near the 
thinner end of the range. In contrast, for lower level frequency radiation, the thickness of the 
metallized layer will be at the higher end of the range. 
5 In exemplary embodiments, a metallized thermoform connector assembly can 

be positioned around the pin connector assembly to electrically ground the metallized cable 
body to a grounded housing. Thermo forming of the connector assembly typically comprises 
heating a sheet and forming it into a desired shape. The process includes heating a 
thermoplastic composite sheet until it becomes soft and pliable, then using either air pressure 

10 or vacuum to deflect the softened sheet towards the surface of a mold until the sheet adopts 
the shape of the mold surface. The sheet sets are cooled to allow the sheets to maintain the 
required shaped. After cooling the sheets can be removed from the mold and thereafter 
metallized. The metallized thennoform can be metallized along the inner siurface, outer 
surface, or both surfaces. Some typical thermoformable materials include acrylonitrile- 

1 5 butenate-styrene (ABS), polystyrenes, cellulose polymers, vinyl chloride polymers, 
polyamides, polycarbonates, polysulfones, olefin polymers such as polyethylene, 
polypropylene, polyethylene terephthalate glycol (PTG), methyl methacrylate-acrylonitrile, 
and the like. 

Applicants have found that using thermoform substrates for shielding provides 
20 benefits not found in conventional injection molded parts. For example, adhering the 
metallized layer to the thermoform is faster and more economical than adhering the 
metallized layer to an injection molded part. Injection molded parts often need a mold 
release to process the parts. Even if assurances are taken to avoid the mold release, slide and 
ejector pin lubricants can contaminate the injection molded parts. The mold release and 
25 lubricants necessitate cleaning of the injection molded part prior to metallization to insure the 
adhesion of the metal layer. Because thermoforms can be formed without the assistance of 
the mold release and lubricants, the manufacturing process is simplified. Because of the 
manufacturing process, the thermoforai substrate can have a lighter weight so as to provide a 
lighter EMI shield relative to injection molded parts. 
30 In some embodiments, the thermofomi conductive connector will be 

detachable from the metallized layer on the cable body. Thus, the conductive connector may 
be a one piece ("clamshell shape") or a two piece assembly that can be attached (and 
detached) around the cable body. In general, the conductive connector will have mating 
surfaces to coupled the connector about the cable. For example, mating surfaces of the split 
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connector may have a tongue and groove assembly that can create a tight fitting snap fit. A 
more complete description of foldable (i.e., split) thermoforaiable housings can be found in 
U.S. Patent No. 5,81 1,050 to Gabower et al., the complete disclosure of which is incorporated 
herein by reference for all purposes. 
5 In some arrangements, the metallized conductive layer over the cable body can 

be covered with an insulating conformal topcoating. The topcoating can be for strength, 
toughness, protection fi-om environmental conditions (e.g., UV radiation, moisture, or the 
like), insulation, or the like. The topcoating can be composed of a variety of materials, 
including but not limited to, acrylic, neoprene, two-part epoxies, one-part epoxies, urethanes, 

10 and polyester materials, or the like. At the end of the cable, the top insulating coat can be 
removed (or masked during application) to expose the underlying metallized layer so as to 
allow the electrically conductive connector to electrically contact the metallized conductive 
layer. If the connector needs to be removed and/or replaced the connector can simply be 
removed and reattached over the exposed portion of the conductive layer to reestablish the 

1 5 electrical contact with the conductive layer. 

While the remaining figures show flat ribbon cable, it should be appreciated 
that the present invention also relates to round cable, flexible circuitry, wire harnesses, and 
other conductive leads. 

Figure 1 shows a metallized cable body 20 incorporating the novel aspects of 

20 the present invention. The cable body 20 includes conductors 22 disposed within a dielectric 
substrate 24 such as PVC, polycarbonate, Kapton, ABS, Lexan, Valox, FR4, G-10 woven 
fiberglass, or the like. A metallized layer 26 can be vacuum deposited or otherwise adhered 
onto an outer surface of the dielectric substrate 24 or polymer overcoating (not shown) to 
substantially encapsulate the dielectric layer 24 and conductors 22. Optionally, a base 

25 coating (not shown) can be applied to the dielectric substrate or overcoating to help improve 
adherence of the metallized layer 26. When properly grounded, the metallized layer can 
block the emission and impingement of electromagnetic energy. In some configurations, an 
insulating top coat 28 can be applied over the metallized layer 26 to prevent electrical contact 
of the metallized layer 26 with surroimding cables or electrically elements. 

30 As shown in Figure 2, in some embodiments, the metallized layer can be 

grounded through a ground trace 25 embedded within the dielectric substrate 24. A via 27 
can be formed within the dielectric substrate to expose the ground trace 25. When the 
metallized layer is applied over the dielectric, the metallized layer 26 can enter the via 27 to 
electrically contact and ground the metallized layer. An insulating top coat (not shown) can 
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be applied over the metallized layer 26 to insulate the metallized layer fix)m siurounding 
electrical elements. 

Figxires 3 to 5 illustrate a connector assembly 30 of the present invention. The 
connector assembly 30 includes a first portion 32 and a second portion 33 that fits over a 
male/female electrical connector pin assembly 34, The first portion 32 and second portion 33 
can have a contact surface 35a, 35b for electrically contacting the grounded housing so as to 
establish a grounding path between the cable and the grounded housing 38. A metallized 
layer 37 can be applied to an inside and/or outside surface of the connector assembly 30 for 
electrically contacting the metallized layer 26 of the cable and the grounded housing. 

Referring now to Figure 4, the conductors of the cable extend into the 
connector pin assembly and are connected to the connector pin (not shown). A printed circuit 
board (not shown) can be disposed within the connector pin assembly 34 to couple the 
conductive leads in the cable to the grounded housing 38. The connector pins 34 can 
detachably connect to a corresponding male/female electrical connector 36 of a grounded 
housing 38. In exemplary embodiments, the connector body 32, 33 is a metalUzed 
thermoform that can electrically connect the metallized layer 26 of the cable body to the 
grounded housing 38. A metallized layer 37 of the connector 30 can contact the metallized 
layer 26 at an exposed portion of the metallized layer 26 where the insulating top layer 28 has 
been removed or not coated. Electrical grounding of the metallized layer 26 can create a 
Faraday cage around the cable and connector which can prevent impingement and/or release 
of EMI. 

Figure 5 illustrates an embodiment of the thermoform coimector assembly that 
uses overlapping or tongue and groove surfaces to connect the connector bodies 32, 33. A 
first side 40 of the cormector assembly can have a bump anid a second side 42 of the 
connector body can have a corresponding dip. The second cormector body 33 of the 
connector body 33 can have a similar pattem so as to provide a combination that connects the 
two portions 32, 33 snugly around the connector pin assembly 34. It should be appreciated 
however, that various other conventional or proprietary methods can be used to secure the 
first end 40 to the second end 42 of the connector. For example, the ends can be attached 
with a clamps, spring clips, a conductive adhesive, a conductive gasket, interference fit, laser 
welded, or the like. Such configurations can allow disassembly of the connector a number of 
times without damaging the EMI/RFI shielding capability of the cable, assembly. 

As fiirther shown in Figures 6 to 8, some embodiments of the connector 30 
can be a one piece "clamshell" to facilitate attachment and detachment of the connector 30 

8 



(J 



. ■ o o 

from the cable body 22. A metal layer 126a, 126b can be applied to both an inner surface and 
outer surface of the thermoform 32. A non-conductive coating 128 can be applied over the 
outer metal layer to prevent the metallized layer from electrically interacting with other 
nearby circuits or electronic devices. In alternative configurations, the metallization can be 
5 apphed only along the inner surface of the thermoform 32. In such configurations, an 
insulating layer is not needed. To contact the metallized layer of the thermoform with the 
metallized layer of the cable body 22, the insulating overcoat 28 of the cable can be partially 
removed adjacent the end of the cable body 22 to allow the metallized layer of the connector 
30 to contact the metallized layer 26 on the cable (Figure 3). 

10 The thermoform can be snap fit so that a first end 40 of the thermoform 

overlaps, or otherwise attaches, to a second end 42 of the thermoform. In the illustrated 
configuration of Figure 8, the metallized thermoform is interference fit with bumps 43 to 
connect the two ends of the themioform. 

Figure 9 is a cross-sectional view of an exemplary electrical connection of the 

1 5 metallized surface 26 of the cable body with a metallized intemal sxu^ace 37 of a metallized 
thermoform connector 30 (vacuum metallized with aluminum, copper, or other conductive 
materials). In some arrangements, small bumps 46 can be positioned along the inner surface 
44 of the connector and/or the metallized surface 26 of the flexible cable 22 to create a 
pressure contact between the cable body 20 and the connector 30 to maintain the positions of 

20 the cable relative to the connector during assembly. The spacing of the bumps will depend 
on the frequencies of the EMI/RF emissions. Thus for higher frequencies, a closer spacing of 
the bumps is required to block the EMI/RF emissions. The height of the bumps are also 
designed in accordance with frequency considerations. Similarly, for high frequencies, the 
height of the bumps must be reduced so as to be able to block the high frequency emissions. 

25 Any gap 49 in the connector and metallized layer should be no larger than one-half a 
wavelength of the emitted EMI/RFI radiation. 

Figure 10 is a cross sectional view of an exemplary embodiment of aii 
electrical contact between the grounded housing 38 and metallized connector 30. In the 
configuration shown, the metalUzed layer 37 on the connector assembly 30 is interference fit 

30 with the housing 38 to provide a continuous contact between the conductive mating surfaces 
of the housing 38 and connector 30. In other embodiments, the connector and housing can be 
connected with a clip, threadedly connected, pressure connected, adhesively connected, 
connected with a gasket, or the like. 
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Alternative cable configurations are illustrated in Figures 1 1 and 12. The 
entire cable body 22 can be surrounded by a detachable metallized thermoform 50. The 
thennoform 50 can be externally or internally metallized to provide the EMI shield. A 
separate thermoform connector assembly (not shown) can be coupled to the connector pin 
5 assembly (not shown) to ground the cable shield. If the thermoform is externally metallized, 
an insulating layer can be applied over the metallized layer to prevent the metallized layer 
from electrically interacting with nearby electronic devices. 

Figure 12 illustrates a two-piece metallized thermoform 50a, 50b that has an 
integral body and connector portions. The metallized thermoform can be snap fit, or 

10 otherwise conformingly fit over the cable 22 and connector pin assembly.. It is contemplated 
that the metallized thermoform can be manufactured and sold in a separate kit so as to allow 
users to retrofit their existing cables. 

As illustrated in Figure 13, the thermoform can be thinned or shaped to have 
regular openings 52 and ribs 54. The openings, cutouts, or corrugation reduce the cross- 

15 section of the entire assembly and allows for bending of the cable body. While the connector 
30 is illustrated as a separate element of the cable thermofomi 50, it should be appreciated 
that the thermoform connector 30 can be integrally formed with the thennoform 50 
surroimding the cable body such that a single thermoform body can be attached over the body 
to completely shield the cable 22. 

20 Figures 14 and 15 illustrate two exemplary methods of the present invention. 

As shown in Figure 14, a cable body having conductors and a dielectric layer is metallized, 
preferably through vacuum metallization (Step 80). A metallized thermoform is electrically 
coupled to the metallized layer on the cable body (Step 82). The metallized layer is then 
grounded with a vacuum metallized theraioform connector assembly (Step 84). (Optionally, 

25 the metallized layer can be insulated to prevent the metallized layer from contacting adjacent 
electronic or electrically conductive elements. 

In the method illustrated in Figure 15, a cable body is provided having 
conductors encased within a dielectric (Step 90). A thermoform casing is vacuum metallized 
(Step 92). The metallized thermoform is fit around the cable body and connection pin 

30 assembly (Step 94). The metallized thermoform is grounded to create an electromagnetic 
shield for the cable (Step 96). 

As will be understood by those of skill in the art, the present invention may be 
embodied in other specific forms without departing from the essential characteristics thereof 
For example, while rectangular cables and connectors are shown in the drawings, it should be 



10 



o 

appreciated that both round and rectangular connectors and cables can be accommodated by 
the present invention. Accordingly, the foregoing description is intended to be illustrative, 
but not limiting, of the scope of the invention which is set forth in the following claims. 
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